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I 2 7 4 JL : INPUT.DAT

../mesh/aaa HEADER

2000 ITER

1.0 1.0 COND, QVOL

1.0e-08 RESID

e HEADER : BEIDE 7 7A4ILANYy 34

<HEADER>.my_rank

e ITER : RiERI 2 LR

e COND : AR E R

e QVOL : FKELT-URASFRN

e RESID : RIEEDIEHIEE
i(/} GT}_ 0 /la—T +i(/la—-rj Q(x,y,z)=0
ox\_ ox/) oy\ oy ) 0z\ o0z

Q(x,y,2) = QVOL|x. + Y|
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PFEM/pfem3d/run/t01x16x2.sh

16-cores/socket, 32-cores/node

#PJM -N "Flatxléx2™“ Job Name

#PJM -L rscgrp=tutorial Name of “QUEUE”

#PJM —-L node=1 node#

#PJIM -mpi proc=32 Total # of MPI Processes

#PIJM -L elapse=00:15:00 Time

#PIM —g gt00 Group Name (Wallet)

#PIM -3

#PJIM —e err Standard Error

#PJIM -o t01lx1l6x2_0001.1st Standard Output

mpiexec.hydra -n ${PJM _MPI_PROC} ./sol

mpiexec.hydra -n ${PJM _MPI_PROC} numactl -1 ./sol
#PIJM -L node=1/--mpi proc= 32 l-nodes, 32-processes
#PIJM -L node=2/--mpi proc= 64 2-nodes, 64-processes
#PIM -L node=4/--mpi proc=128 4-nodes, 128-processes
#PIM -L node=8/--mpi proc=256 8-nodes, 256-processes

Intel® Xeon® Intel® Xeon®
Platinum 8280 @4 Platinum 8280 < DDRa,
(Cascade Lake, CLX) m (Cascade Lake, CLX) Memory

2.7GHz, 28-Cores 2.7GHz, 28-Cores 96 GB

2419 TFLOPS | UPL »  2.419 TFLOPS DDRZ, )
Soc. #0: 0"-27 cores Soc. #1: 28"-55" cores DDR4

 DDR4, >
hmmq
Memory
96 GB
gﬁﬁn
< DbRz )

2933 MHz X 6¢ch Ultra Path Interconnect 2933 MHz X 6¢ch

140.8 GB/sec 10.4 GT/sec x3 140.8 GB/sec
=124.8 GB/sec
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PFEM/pfem3d/run/p20.sh, k20.sh

20-cores/socket, 40-cores/node

#PJM -N "Flatx20x2™“ Job Name
#PJM -L rscgrp=tutorial Name of “QUEUE”
#PJM —-L node=1 node#
#PIJM ——-mpi proc=40 Total # of MPI Processes
#PIJM -L elapse=00:15:00 Time
#PIM —g gt00 Group Name (Wallet)
#PIM -3
#PJIM —e err Standard Error
#PJIM -o p01x20x2_0001.1st Standard Output
mpiexec.hydra -n ${PJM_MPI_PROC} ./sol
mpiexec.hydra -n ${PJM_MPI_PROC} numactl -1 ./sol
#PIM -L node=1l/--mpi proc= 40 l-nodes, 40-processes
#PIM -L node=2/--mpi proc= 80 2-nodes, 80-processes
#PIM -L node=4/--mpi proc=160 4-nodes, 160-processes
#PIM -L node=8/--mpi proc=320 8-nodes, 320-processes
painum 6260 P! piainum 220
(Cascade Lake, CLX) m (Cascade Lake, CLX) S DDR4, > Memory

2.7GHz, 28-Cores
2.419 TFLOPS
Soc. #0: 0"-27 cores

ﬂmm@gmm
DDR4 4
DDR4

2.7GHz, 28-Cores
2.419 TFLOPS
Soc. #1: 28"-55" cores

 DDR4,>
hmmq
Memory
96 GB
/,DDRA >
< DbRz )

2933 MHz x 6¢ch
140.8 GB/sec

Ultra Path Interconnect
10.4 GT/sec x3
=124.8 GB/sec

2933 MHz x 6¢ch
140.8 GB/sec
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PFEM/pfem3d/run/p24.sh, k24.sh

24-cores/socket, 48-cores/node

#PJM —-N "Flatx24x2"“ Job Name
#PJM -L rscgrp=tutorial Name of “QUEUE”
#PJM —-L node=1 node#
#PIJM ——-mpi proc=48 Total # of MPI Processes
#PIJM -L elapse=00:15:00 Time
#PIM —g gt00 Group Name (Wallet)
#PIM -3
#PJIM —e err Standard Error
#PJIJM —-o p01x24x2_0001.1st Standard Output
mpiexec.hydra -n ${PJM_MPI_PROC} ./sol
mpiexec.hydra -n ${PJM_MPI_PROC} numactl -1 ./sol
#PIM -L node=1l/--mpi proc= 48 l-nodes, 48-processes
#PIM -L node=2/--mpi proc= 96 2-nodes, 96-processes
#PJM -L node=4/--mpi proc=192 4-nodes, 192-processes
#PIJM -L node=8/--mpi proc=384 8-nodes, 384-processes
painum 6260 P! piainum 220
(Cascade Lake, CLX) m (Cascade Lake, CLX) S DDR4, > Memory

2.7GHz, 28-Cores
2.419 TFLOPS
Soc. #0: 0"-27 cores

2.7GHz, 28-Cores
2.419 TFLOPS
Soc. #1: 28"-55" cores

ﬂmm@gmm
DDR4 4
DDR4

 DDR4, >
hmmq
Memory
96 GB
gﬁﬁn
< DbRz )

2933 MHz x 6¢ch
140.8 GB/sec

Ultra Path Interconnect
10.4 GT/sec x3
=124.8 GB/sec

2933 MHz x 6¢ch
140.8 GB/sec
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PFEM/pfem3d/run/p28.sh, k28.sh

28-cores/socket, 56-cores/node

#PJIM
#PJIM
#PJIM
#PJIM
#PJIM
#PJIM
#PJIM
#PJIM
#PJIM

-N "Flatx24x2“

-L rscgrp=tutorial
—L node=1

——mpi proc=56

-L elapse=00:15:00
-g gt00

=J

-e err

-0 p01x28x2_0001.1st

mpiexec.hydra -n ${PJM_MPI_PROC}

mpiexec.

#PJM -L node=l/--mpi proc= 56
#PIJM -L node=2/--mpi proc=112
#PJM -L node=4/--mpi proc=224
#PJM -L node=8/—--mpi proc=448

Intel® Xeon®
Platinum 8280

2.7GHz, 28-Cores
2.419 TFLOPS
Soc. #0: 0"-27 cores

 DDR4, >
hmmq
Memory
96 GB
gﬁﬁn
< DbRz )

2933 MHz x 6¢ch
140.8 GB/sec

Job Name

Name of “QUEUE”

node#

Total # of MPI Processes
Time

Group Name (Wallet)

Standard Error
Standard Output

./sol
hydra -n ${PJM_MPI_PROC} numactl -1 ./sol

l-nodes, 56-processes
2—-nodes, ll2-processes
4-nodes, 224-processes
8—-nodes, 448-processes

Intel® Xeon®

Platinum 8280
(Cascade Lake, CLX)

2.7GHz, 28-Cores 96 GB
2.419 TFLOPS

Soc. #1: 28-55t cores

L)
(Cascade Lake, CLX) >‘m-@»<

DDR4 S Memory

DDR4 4
DDR4

Ultra Path Interconnect
10.4 GT/sec x3
=124.8 GB/sec

2933 MHz x 6¢ch
140.8 GB/sec
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#include <stdio. h>

#include <stdlib.h>

FILEx fp_log;

#tdefine GLOBAL_VALUE_DEFINE
#include “pfem_util.h”

extern
extern
extern
extern
extern
extern
extern
extern
extern
extern

void
void
void
void
void
void
void
void
void
void

PFEM_INIT (int, charx**) ;

INPUT_CNTL () ;
INPUT_GRID () ;
MAT_CONO () ;
MAT_CON1 () ;
MAT_ASS_MAINQ) ;
MAT_ASS_BC () ;
SOLVE11 () ;
OUTPUT_UCD () ;
PFEM_FINALIZEQ) ;

int main(int argc, charx argv[])
double START_TIME, END_TIME;
PFEM_INIT (argc, argv) ;

INPUT_CNTL () ;
INPUT_GRID () ;

MAT_CONO () ;
MAT_CON1 () ;

MAT_ASS_MAINQ) ;
MAT_ASS_BCO

SOLVE11 () ;

OUTPUT_UCD () ;
PFEM_FINALIZE() ;

E{RNE

12
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GlobalZE# %

. pfem util.h (1/4)

EH % R H4 X /0 SIS
fhame C [80] I Ay aTrTAILE
N, NP 1 || EiA% (N: s, NP RAE+5 )
ICELTOT I | | EH=H
NODGRPtot I | | BRI IL—TH
XYZ R [NP][3] I B R EEAR
ICELNOD I | [ICELTOT][8] | | ERaRITAET4
NODGRP_INDEX I | [NODGRPtot+1] | | RERTL—TISEENBE AR (BE)
NODGRP_ITEM I éﬁ?B?ffﬂ NDEKINODG | | g5 — Tz e R
NODGRP_NAME €80 éﬁ?ﬁ?ﬂjﬂ NDEXINODG | | | g s —
NLU I O | BEIRIEXARS K
NPLU 1 O | FERAMSHRY
D R [NP] O | &4&T5 . xmJoyy
B, X R [NP] O |HEARY RIL, RHMEBARY kL

13
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GlobalZE# %

. pfem util.h (2/4)

EH 4 E BA4X /0 S
AMAT R | [NP] O | 2175 : FFFEMARKS
indexLU I [NP+1] O | £&17% : EFIERNARD
itemLU I [NPLU] O | 2175 : FEFEMAKS (FIFS)
INLU I [NP] O | BERADFEFEMAMSE
[ALU I [NP] [NLU] O | BEHRADEFFEAARSE (FIFES)
IWKX I [NP] [2] o | 79— HE5|
ITER, ITERactual I | | REE#HD LR, ZEEREORERRK
RESID R | [ $FTHEIYRE (1e-8IZEKTE)

14



pFEM3D-2

GlobalZ %1%

% . pfem_util.h (3/4)

EHA =l Ha X /O n =
08th R I =0. 125
PNQ, PNE, PNT R | [2][2][8] O |&AYREARIHE TS 5.5 THi=1-9
POS, WEI R | [2] O | BAIRESADER, EHHH
NCOL1, NCOL2 I [100] O V— MR —V B
SHAPE R | (2102121 (8] O | &AIREAKIZEHITHHARES V) (/=178)
PNX, PNY, PNZ R | (2112121 (8] O |&AVRESEIBHE 5 G Tri=1-9
DET R | (21021 (2] O | &AIREAKIZHITRYIET UATHIR
COND, QVOL R I RRER, FEALYRBRERHN

15



pFEM3D-2

GlobalZE# %

- pfem_util.h (4/4)

KA el Ha X /O n B
PETOT I O | fEiE%E (MPITotR%h)
my_rank I O |MPIZ7Oo+EREE
errno I O |T5—237
NEIBPETOT I | 3% F2 pE R 2K
NEIBPE I [NEIBPETOT] | BEEE RIS
é)M(Egglimggi I INEIBPETOT+1] | %;E RET—INLDYA X (—RTIEHEE

IMPORT_ITEM

[NPimport]

ZET—TIL HtR)
(NPimport=IMPORT_INDEX[NEIBPETOT]))

EXPORT_ITEM

[NPexport]

EET—TIL HRRR)
(NPexport=EXPORT_INDEX[NEIBPETOT]) )

ICELTOT_INT

|| SREATRERK

intELEM_I ist

[ICELTOT_INT]

| | EEFTRERDY A b w[REICER

16
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I8, 7T : MPI Init/Finalize

#include “pfem_util.h”
%oid PFEM_INIT (int argc, charx argv[])

int i;

MPI_Init (&argc, &argv) ;

MPI_Comm_size (MPI_COMM_WORLD, &PETOT) ;
MPI_Comm_rank (MPI_COMM_WORLD, &my_rank) ;

for (i=0;i<100; i++) pfemRarray[i]=0.0;
for (i=0;i<100; i++) pfemlarray[i]=0;

#include <stdio.h>
#include <stdlib. h>
#include “pfem_util.h”

%oid PFEM_FINALIZE ()
MPI Finalize QO ;
if( my_rank == 0 ) {

fprintf (stdout, “* normal terminatio¥n”);
exit(0);

17
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#1774 JLAF : INPUT_CNTL

#include <stdio.h>
#include <stdlib.h>
#include “pfem_util.h”
/*k kk/

%oid INPUT_CNTL
FILE *fp;

if(my_rank == 0) {
if( (fp=fopen ("INPUT. DAT”, “r”)) == NULL) {
fpr{q%{(stdout,”input file cannot be opened!¥n”);
exi ;

fscanf (fp, "%s”, HEADER) ;

fscanf (fp, “%d”, &1TER) ;

fscanf (fp, “%If %If”, &COND, &QVOL);
fscanf (fp, “%If”, &RESID) ;
fclose (fp) ;

}

MP1_Bcast (HEADER , 80, MP1_CHAR, O, MP1_COMM_WORLD) ;

MP1_Bcast (&ITER , MPT_INTEGER, 0, MPI_COMM_WORLD) ;
MP1_Bcast (&COND , MP1_DOUBLE, 0, MP1_COMM_WORLD) ;
MP1_Bcast (&QVOL , MP1_DOUBLE, 0, MP1_COMM_WORLD) ;
MP1_Bcast (4RESID , MP1_DOUBLE, 0, MP1_COMM_WORLD) ;

pfemRarray[0]= RESID;
| pfemlarray[0]= ITER;

— ) — —

18
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AvwIa AN INPUT _GRID (1/3)

#include <stdio. h>

#include <stdlib.h>

#include “pfem_util.h”

#include “allocate. h”

/*xx external functions **x/

extern void ERROR_EXIT (int, int);

extern void DEFINE_FILE_NAME (char, char*, int) ;

/xk kk/
%oid INPUT_GRID ()
FILE *fp;
int i, j,k, ii,kk, kkk, nn, icel, iS, iE, icO;
int NTYPE, IMAT;
int idummy;
DEFINE_FILE_NAME (HEADER, fname my_rank) ;
if ( (fp=fopen (fname, ” )) == NULL) T
fprlntf(stdout “input file cannot be opened!¥n”);
exit(1);}
/*%
NE IB-PE
*k/

fscanf (fp, “%d”, 8kkk) ;
fscanf (fp, “%d”, &EIBPETOT) ;

NEIBPE=(intx)al locate_vector (sizeof (int), NEIBPETOT) ;
for (i=0; i<NEIBPETOT; i++) fscanf (fp, “%d”, &EIBPE[i]) ;

for (i=0; i<NEIBPETOT; i++) {
if ( NEIBPE[i] > PETOT-1 ) {
} ERROR_EXIT (202, my_rank) ;}

19
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DEAYS A T7AILE :
DEFINE FILE NAME
HEADER+S V9 &&=

#include <stdio.h>
#include <string.h>
%oid DEFINE_FILE_NAME (char HEADERo[], char filename[], int my_rank)
char string[80];
sprintf (string, ”. %-d”, my_rank) ;
strcpy (filename, HEADERO) ;
strcat (filename, string) ;

20
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allocate, deallocate B %k

#include <stdio. h>
#include <stdlib.h>
void* allocate_vector (int size, int m)

void *a;

if ( (a=(void * )malloc( m * size ) ) == NULL ) {
fpr%q¥§(stdout,”Error:Memory does not enough! in vector ¥n“);
exi ;

} .
y e al locate ZFORTRAN & (=
void deal locate_vector (void *a) ﬁsﬁﬁ':béf:&)o)%’!ﬂ

free( a );

void** allocate_matrix(int size, int m, int n)

yo{d.**aa:

int i;

if ( (aa=(void %« )malloc( m * sizeof (void*) ) ) == NULL ) {
fprintf (stdout, “Error:Memory does not enough! aa in matrix ¥n”):
exit(1);

if ( (aal[0]=(void * )malloc(m* n * size ) ) == NULL ) {
fpr%q¥§(stdout,”Error:Memory does not enough! in matrix ¥n”);
exi ;

for (i=1;i<m; i++) aalil=(charx)aali-1]+size*n;
return aa;

void deal locate_matrix (void **aa)

free( aa )

21
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Avwia AN INPUT _GRID (2/3)

*k/

/%%

*k /

NODE
fscanf (fp, “%d %d”, &P, &N) ;

XYZ =(KREAL**) a| |ocate_matrix (sizeof (KREAL), NP, 3
NODE_ID=(KINT **)al locate_matrix (sizeof (KINT ), NP, 2

for (i=0; i<NP; i++) {
for (j=0; j<3; j++) {
XYZ[i][j1=0.0;

N N

}
for (i=0; i<NP; i++) {
} fscanf (fp, “%d %d %If %If %If", &NODE_ID[i][01, &NODE_IDLi][1], &XYZ[i][01, &XYZ[il[1]1, &XYZLil[2]);

ELEMENT
fscanf (fp, “%d %d”, &I CELTOT, &ICELTOT_INT) ;

ICELNOD=(KINT*%) al locate_matrix (sizeof (KINT), ICELTOT, 8) ;
intELEM_I ist=(KINT*)al locate_vector (sizeof (KINT), [CELTOT) ;
ELEM_ID=(KINT=x)al locate_matrix (sizeof (KINT), ICELTOT, 2) ;

for (i=0; i<ICELTOT; i++) fscanf (fp, “%d”, &NTYPE) ;

for (icel=0; icel<ICELTOT; icel++) {
fscanf (fp, “%d_%d_%d %d %d %d %d_%d_%d %d %d”,
g%hg¥_lD[icel][0],&ELEM_ID[iceI][1],
&ICELNOD[iceI][0],&ICELNOD[iceI][1],&ICELNOD[iceI%

ICELNOD[icel] [3
&ICELNOD[icel] [4], &ICELNOD[icel] [5], &ICELNOD[icel [7

[2], &
(6], &ICELNOD [icel1[7]):

L

J
for (ic0=0; icO<ICELTOT_INT; icO++) fscanf (fp, “%d”, &intELEM_list[ic0]) ;

22
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Aw< 2 AF : INPUT_GRID

sk /

/%

*k /

COMMUNICATION table

IMPORT_INDEX=(int*) al locate_vector (sizeof (int), NEIBPETOT+1) ;
EXPORT_INDEX=(int*) al locate_vector (sizeof (int), NEIBPETOT+1) ;

for (i=0; iKNEIBPETOT+1;++i) IMPORT_INDEX[i]=0;
for (i=0; i<NEIBPETOT+1;++i) EXPORT_INDEX[i]=0;

if ( PETOT 1=1) {
for (i=1; i<=NEIBPETOT; i++) fscanf (fp, “%d”, &IMPORT_INDEX[i]) :
nn=IMPORT_INDEX [NEIBPETOT] ;
if(nn > 0 ) IMPORT_ITEM=(int*)allocate_vector (sizeof (int), nn);
for (i=0; i<nn; i++) fscanf (fp, “%d %d”, &IMPORT_ITEM[i], &idummy) ;

for (i=1; i<=NEIBPETOT; i++) fscanf (fp, “%d”, &EXPORT_INDEX[i]) ;
nn=EXPORT_INDEX [NEIBPETOT] ;

if(nn > 0 ) EXPORT_ITEM=(int*)allocate_vector (sizeof (int), nn);
for (i=0; i<nn; i++) fscanf (fp, “%d”, &EXPORT_ITEM[i]) ;}

NODE grp. info.
fscanf (fp, “%d”, &NODGRPtot) ;

NODGRP_INDEX=(KINT* )allocate_vector (sizeof (KINT), NODGRPtot+1) ;
NODGRP_NAME = (CHAR80x) al locate_vector (sizeof (CHAR8O) , NODGRPtot) ;
for (i=0; i<NODGRPtot+1; i++) NODGRP_INDEX[i]=0;

=0;

for (i i<NODGRPtot; i++) fscanf (fp, “%d”, &NODGRP_INDEX[i+1]) ;
nn=NODGRP_INDEX [NODGRPtot] ;
NODGRP_ITEM=(KINT=*) al locate_vector (sizeof (KINT), nn) ;

for (k=0;k<NODGRPtot; k++) {
iS= NODGRP_INDEX [k] ;
iE= NODGRP_INDEX [k+17;
fscanf (fp, “%s”, NODGRP_NAME [k] . name) ;
nn= iE - iS;
ifCnn 1=0){
for (kk=iS;kk<iE;kk++) fscanf (fp, “%d”, &NODGRP_ITEM[kk]) ;}

(3/3)
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E{RLE

#include <stdio. h>

#include <stdlib.h>

FILEx fp_log;

#tdefine GLOBAL_VALUE_DEFINE
#include “pfem_util.h”

extern
extern
extern
extern
extern
extern
extern
extern
extern
extern

void
void
void
void
void
void
void
void
void
void

PFEM_INIT (int, charx**) ;
INPUT_CNTL () ;
INPUT_GRID () ;
MAT_CONO () ;
MAT_CON1 () ;
MAT_ASS_MAINQ) ;
MAT_ASS_BC () ;
SOLVE11 () ;
OUTPUT_UCD () ;
PFEM_FINALIZEQ) ;

int main(int argc, charx argv[])
double START_TIME, END_TIME;
PFEM_INIT (argc, argv) ;

INPUT_CNTL () ;
INPUT_GRID () ;

MAT_CONO () ;

MAT_CON1 () ; MAT CONO
MAT_ASS_MAINO) ; . :
MAT_ASS BCO MAT CONL1.:
SOLVE11 () ;

OUTPUT_UCD () ;
PFEM_FINALIZE()

INLU, IALU 4 Rk
indexLU, itemLUE
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MAT CONO : &Kk

do icel= 1, ICELTOT (-1+1+2) ()
8 AR E DB 5,
INL, INU, IAL, TAUZARL
(FIND_NODE) (-1-1+1) (+1-1+2)
enddo
(+1+1-1)
n.¢)=(-1-1-1 +1-1-1
&) an @ @ (€.1.¢)=( ) ( )
7 8 9
N 42 G
O—W—=01)—1
4 5 6

@
®
O
©,

=
IN
[¢8)
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THNARD T4 ET 4 ER
MAT CONO (1/4)

/%%
*x MAT_CONO
%k /
ﬁinciuge §s$dio.2}| ” NLU :
include “pfem util. R
#include “allocate.h %Eﬁ,'ﬁ(»}b('j'%)
?xtern EILE Tf]e_lo%g y 3IE'|ZD3F§‘-.|'% E‘X_j]\
xx% external functions *xx g
?xterntv%id rFSORI(int*, iyt*, int) DI KK
*x+% static functuons *xx + bbb g
static void FIND_TS_NODE (int, int); (FE#td DET R &)
void MAT_CONO () o o
{ int i jk icel, in; SOEEDIZE
int int, in2, in3, in4, ind, in6, in, in8; ;{f);b\g"(‘[,\éd)"@
o COE3TED
NLU= 26; = E
INLU= (KINT* )al locate_vector (sizeof (KINT), NP) ; .
[ALU= (KINT##) al | ocate_matrix (sizeof (KINT) NP, NLU);  ANBHDIGE DR
for (i=0; [<NP; i++) INLU[i]=0; =L KR—rERE

for (i=0; i<NP; i++) for (j=0; j<NLU; j++) ITALULi][j]=0;
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THNARD T4 ET 4 ER

MAT CONO (1/4)

/%%
** MAT_CONO
%k /

#include <stdio.h>
#include “pfem_util.h”
#include “allocate.h

extern FILE *fp_log;
/*xx external functions s/

extern void mSORT (int*, intx, int);

/*kx static functuons *xx/

static void FIND_TS_NODE (int, int);

%oid MAT_CONO ()

int i, j,k, icel, in;

int in1,in2, in3, in4, in5, in6, in7, in8;

int NN;
NLU= 26;

pUE e HA4 X N B

kﬁ'ﬁ % - &
INLU [NP] ji;;"“0>aﬁjjéﬁi1ﬁﬁﬁk
IALU [NP] {NLU] BET R DIEFIER AR

7 (BIES)

INLU=(KINT* )al |locate_vector (sizeof (KINT), NP) ;
IALU=(KINT**) al |ocate_matrix(sizeof (KINT), NP, NLU) ;

for (i=0; i<NP;i++) INLU[i]=0;

for (i=0; i<NP; i++) for (j=0; j<NLU; j++) ITALULi][j]=0;
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TR T4 ET 4 ER
MAT CONO (2/4)

for ( I?G{CgLﬁ88|< I?ELEOT icel++) {
in [icel] _
in2=ICELNOD[ice|][1]: (~1+1+1)
in3=ICELNOD[icel]
ind=ICELNOD[ice ]
in5=[CELNOD[ice ]
in6=ICELNOD[ice ]
in7=ICELNOD[ice ]
in8=ICELNOD[icel]

TS_NODE (int, in2);
“TSNODE (inl. foF / /
TS NODE (It 1rg)

TSTNODE (inl’ in6) (€.n7.¢)=(-1-1-1) (+1-1,-1)

(-1-1+1) (+1,-1,+1)

F%kﬁkﬁ#%ké%é?‘

TS_NODE (int, in7):
TS_NODE (int, in8):

TS_NODE (in2, inl1):
TS_NODE (in2, in3):
TS_NODE (in2, ind) :
TS_NODE (in2, inb) :
TS_NODE (in2, in6) :
TS_NODE (in2, in7):
TS_NODE (in2, in8):

TS_NODE (in3, inl1):
TS_NODE (in3, in2) :
TS_NODE (in3, ind) :
TS_NODE (in3, inb) :
TS_NODE (in3, in6) :
TS_NODE (in3, in7):
TS_NODE (in3, in8):



FEM3D

EimiE®E : FIND TS NODE
INLU,IAUSESE | — RSt TIEZ DEH L F 5

/%%

s*xx FIND TS NODE

*k /

Ttatic void FIND_TS_NODE (int ipl, int ip2)

int kk, icou;

for (kk=1;kk<=INLU[ip1-1];kk++) {
| if(ip2 == IALU[ip1-1][kk-1]) return;

icou=INLU[ip1-1]+1;
IALULip1-1] [icou-1]=ip2;

INLULip1-1]=icou; L& YA R P
return,
s s T e % ;
SERDIEFTIERAR
IALU [N] { [NLU] N (FED)
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Eim$ERE : FIND TS NODE
—RITTIEZDEDILFE, EXRH2

/%%
%k FIND_ TS NODE
*k /
ip2HNALU[ip1-1][KK]IZ&
s{tatic void FIND_TS_NODE (int ipl, int ip2) FNTLNBENFTYY

int kk, icou;

for (kk=1;kk<=INLU[ip1-1]; kk++) {
if(ip2 == IALU[ip1-1][kk-1]) return;

] 13——(149——Q159—6
icou=INLU[ip1-1]+1; 7 :I: 3 9
INLUCIpT 11 0w~ O——U—®
return;

Ip1: No.6 node

Ip2: No.7 node
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Eim$ERE : FIND TS NODE
—RITTIEZDEDIELFE, EXRH2

/%%
s*xx FIND TS NODE
*k /
s{tatlc void FIND TS _NODE (int ipl, int ip2) ALU (22 =TV
int kk, icou; BEIE, INLUIZ1Z AT
IALU [Z#& %A

for (kk=1;kk<=INLU[ip1-1];kk++) {
if(ip2 == IALU[ip1-1][kk-1]) return;

] 13——(149——Q159—6
icou=INLU[ip1-1]+1; 7 ::[ 3 9
UG- icon O—0O—0—@
return;

Ip1: No.6 node

Ip2: No.7 node
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Eim$ERE : FIND TS NODE
—RIETIEZDERIEFE), ERHAS

/*kkx

*xx FIND TS NODE

*k /

s{tatic void FIND_TS_NODE (int ipl, int ip2) BE[CIALU 1SS Eh TS
int kk, icou; HRIX, ROXRFTA

for (kk=1;kk<=INLU[ip1-1]; kk++) {
if(ip2 == IALU[ip1-1][kk-1]) return;

}
icou=INLU[ip1-1]+1;

IALULip1-1] [icou-1]=ip2;
INLULip1-1]=icou;

return,

Ip1: No.6 node

Ip2: No.7 node
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THNARD T4 ET 4 ER

FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE

FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE

FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE

FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE
FIND_TS_NODE

MAT CONO (3/4)

(~1+2+1)

(-1-1+1)

(€.7.0)=(-1-1-1)
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THNARD T4 ET 4 ER
MAT CONO (4/4)

TS_NODE (in8, inl)

TS

for (in=0; in<N; in++) {

NN=INLU[in] ;
for (k=0;k<NN;k++) {

.
’

TS_NODE (in8, in2) ;
TS_NODE (in8, in3) ;
NODE (in8, in4) :
TS_NODE (in8, ind) ;
TS_NODE (in8, in6) ;
TS_NODE (in8, in/) ;

NCOL1[k]=TALU[in] [Kk];

mSORT (NGOL1, NGCOL2, NN) ;
for (k=NN;k>0; k—) {

KBERIZHELT,

IALU[i][K] AVNESWEE NS
REVWEEICHESKSIZY—F
(Bffirs/ T )LY—R)

BV VVI00REEDELDEY—FT 5

IALULin] [NN-k]= NCOL1[NCOL2[k-1]-1];
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CRSEEAANDZEH: : MAT_CONL1

#include <stdio.h>
#include “pfem_util.h”
#include “allocate. h”
extern FILEx fp_log;
%oid MAT_CON1 ()

int ik, kk;

indexLU=(KINT%*) al locate_vector (sizeof (KINT), NP+1) ;
for (i=0; i<N+1;i++) indexLU[i]=0;

for (i=0; i <NP; i++) { C
indexLU[i+1]=indexLU[i]+INLU[i];

indexi +1] :Zi:INLU[k]

NPLU=indexLU[NP] ; _
i temLU=(KINT*) al locate_vector (sizeof (KINT), NPLU) ; indeX0] =0

for (i=0; i<NP; i++) {
fo&ékEO;kéthH%i%:k++){
=K+1hdex ],
itemLU[kk]=IALU[i][k]-1; FORTRAN

] . NN
deal locate_vector (INLU) ; Index(i) ; INLU (k)

deal locate_vector (IALU) ; _
} index(0)=0
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CRSEEAANDZEH: : MAT_CONL1

#include <stdio.h>
#include “pfem_util.h”
#include “allocate. h”
extern FILEx fp_log;
%oid MAT_CON1 ()

int ik, kk;

indexLU=(KINT%*) al locate_vector (sizeof (KINT), NP+1) ;
for (i=0; i<N+1;i++) indexLU[i]=0;

for (i=0; i<NP; i++) {
indexLU[i+1]=indexLU[i]+INLU[i];

NPLU=indexLU[NP] ;
i temLU=(KINT*) al locate_vector (sizeof (KINT), NPLU) ;

for (i=0; | <NP; i ++) | NPLU=index|N]
fomkio;kémtﬂ%@% k) | itemD YA X
=K+ , 7
temLUTkk1=IALULi 1 [k]-1 JEt D3RS A R KRS

}
deal locate _vector (INLU) ;
deal locate _vector (IALU) ;
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CRSEEAANDZEH: : MAT_CONL1

#include <stdio.h>
#include “pfem_util.h”
#include “allocate. h”
extern FILEx fp_log;
%oid MAT_CON1 ()

int ik, kk;

indexLU=(KINT%*) al locate_vector (sizeof (KINT), NP+1) ;
for (i=0; i<N+1;i++) indexLU[i]=0;

for (i=0;i<NP; i++) {
indexLU[i+1]=indexLU[i]+INLULi];

NPLU=indexLU[NP] ;

i temLU=(KINT*) al locate_vector (sizeof (KINT), NPLU) ;

for (i=0; i<NP; i++) {

fo&ék;O;kéthH%j% k) [ itemi=MOI A SIEES
=K+ , o =
temLUTKK]1=IALUT i [KI~1; RBESZEERE

}
deal locate _vector (INLU) ;
deal locate _vector (IALU) ;
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CRSEEAANDZEHE : MAT_CONL1

#include <stdio.h>
#include “pfem_util.h”
#include “allocate. h”
extern FILEx fp_log;
%oid MAT_CON1 ()

int ik, kk;

indexLU=(KINT%*) al locate_vector (sizeof (KINT), NP+1) ;
for (i=0; i<N+1;i++) indexLU[i]=0;

for (i=0; i<NP; i++) {
indexLU[i+1]=indexLU[i]+INLU[i];

NPLU=indexLU[NP] ;
itemLU=(KINT*) al locate_vector (sizeof (KINT), NPLU) ;

for (i=0;i<NP; i++) {
for (k=0;k<INLU[i];k++) {
kk=k+indexLU[i];
i temLU[kk]=IALU[i][k]-1;

}
deal locate_vector (INLU) ; —_ g~ -
deal locate_vector (IALU) ; NB[FBIEPTE
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#include <stdio. h>

#include <stdlib.h>

FILEx fp_log;

#tdefine GLOBAL_VALUE_DEFINE
#include “pfem_util.h”

extern
extern
extern
extern
extern
extern
extern
extern
extern
extern

void
void
void
void
void
void
void
void
void
void

PFEM_INIT (int, charx**) ;

INPUT_CNTL () ;
INPUT_GRID () ;
MAT_CONO () ;
MAT_CON1 () ;
MAT_ASS_MAINQ) ;
MAT_ASS_BC () ;
SOLVE11 () ;
OUTPUT_UCD () ;
PFEM_FINALIZEQ) ;

int main(int argc, charx argv[])
double START_TIME, END_TIME;
PFEM_INIT (argc, argv) ;

INPUT_CNTL () ;
INPUT_GRID () ;

MAT_CONO () ;
MAT_CON1 () ;

MAT_ASS_MAINQ ;
MAT_ASS_BC(O

SOLVE11 () ;

OUTPUT_UCD () ;
PFEM_FINALIZE()

A0

1H
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MAT ASS MAIN : &4k

do kpn=1, 2
do jpn=1, 2
do ipn=1, 2
HORE SR (8E) (2HI1T5HIKEHE,
BEUZD TBAREER] ITH TP DEH
enddo
enddo
enddo

do icel= 1, IGELTOT

BEIMDEZEMN D, AIABARIZEITSH, BHRERO 2EERR] ITHT5M7,

BXUVIET7 U ZEH (JACBI)

do ie= 1, 8
do je= 1, 8
LARERES : ip, Jp
Ay pRitemlUIZE1FEH57 KL R - kk

do kpn=1, 2
do jpn=1, 2
do ipn=1, 2
EFRBEP>ERTIBSEHE, AR TI~DELIH
enddo
enddo
enddo
enddo
enddo
enddo

OlO|O0|O0|0|0|0|0

OlO|0|0|0|0|0|0

O|O|0|0|0|0|0|0

O|0|0|0|0|0|0|0
O|0|0|0|0|0|0|0
O|0|0|0|0|0|0|0

O|0|0|0|10|@|O|0O &
O|0|0|0|0|0|0|0O
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Z#4T5] : MAT ASS MAIN (1/6)

#include <stdio.h>
#include <math. h>
#include “pfem_util.h”
#include “allocate. h”
extern FILE *fp_log;
extern void JACOBI () ;
¥oid MAT_ASS MAIN(Q)

int ik, kk;

int ip, jp, kp;

int ipn, jpn, kpn;

int icel;

int ie, je;

int iiS,IiiE;

int in1,in2,in3, in4, in5, in6, in7, in8;
double SHi;

double QP1, QM1, EP1, EM1, TP1, TM1;
double X1, X2, X3, X4, X5, X6, X7, X8;
double Y1,Y2,Y3, Y4, Y5,Y6,Y7,Y8;
double Z1,72,173,174,75,176,71,178;
double PNXi, PNYi, PNZi, PNXj, PNYj, PNZj;
double GCONDO, QVO, QVC, COEFij;
double coef;

KINT nodLOCAL[8];

AMAT= (KREAL*) allocate_vector (sizeof (KREAL), NPLU) ;

B =(KREAL*) allocate_vector (sizeof (KREAL), NP ) ;
D =(KREAL*) allocate_vector (sizeof (KREAL), NP) ;
X =(KREAL*) allocate_vector (sizeof (KREAL), NP) ;

for (i=0; i<NPLU;i++) AMAT[i]=0.0;

for (i=0;i<N ;i++) B[i]=0.0;
for (i=0;i<N ;i++) D[i]=0.0;
for (i=0;i<N ;i++) X[i]=0.0;

0]= 1.0000000000€0;
1]= 1.0000000000€0;
0]= -0.5773502692¢0;
1]1= 0.5773502692¢0;

REIT5 CGEFRIRARS)
ARG bL

By b

REITS (RHAKS)
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46

%E475) : MAT ASS MAIN (1/6)

#include <stdio. h>
#include <math.h>
#include “pfem_util.h”
#include “allocate. h”
extern FILE *fp_log;
extern void JACOBI () ;
%oid MAT_ASS_MAINQ

int i,k kk;

int ip, jp, kp;

int ipn, jpn, kpn;

int icel;

Int 1e, je,

int iiS, iiE;

int in1,in2, in3, in4, in5, in6, in7, in8;
double SHi;

double QP1, QMT1, EP1, EM1, TP1, TM1;
double X1, X2, X3, X4, X5, X6, X7, X8;
double Y1,Y2,Y3,Y4, Y5, Y6,Y7,YS;
double Z1,72,73,174,175,176,71,18;
double PNXi, PNYi, PNZi, PNXj, PNYj, PNZj;
double CONDO, QVO, QVG, COEFij;
double coef;

KINT nodLOCAL[8];

AMAT= (KREAL*) allocate_vector (sizeof (KREAL), NPLU) ;
B =(KREAL*) allocate vector (sizeof (KREAL), NP) ;
D =(KREAL*) allocate vector (sizeof (KREAL), NP) ;
X =(KREAL*) allocate_vector (sizeof (KREAL), NP) ;

for (i=0; i<NPLU; i++) AMAT[i]=0.0;

for (i=0;i<N ;i++) B[i]=0.0;
for (i=0;i<N ;i++) D[i]=0.0;
for (i=0;i<N ;i++) X[i]=0.0;

WEI[0]= 1.0000000000€0; BTN =
Sl omemane,  FOS: HARIE
= -0. e0; _ ”
POS[11= 0 57735026020 WEI: EAHREL

(=3.1) (L. 1)

(=1, —1) ML D

Bost a SHFREW
0.57735 02692 1.00000 00000
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ZE#4T5] : MAT ASS MAIN (2/6)

/%K
INIT.
PNQ - 1st-order derivative of shape function by QSI
PNE - 1st-order derivative of shape function by ETA

PNT - 1st-order derivative of shape function by ZET
sokk /

for (ip=0; ip<2; ip++) {
for (jp=0; jp<2; jp++) {
for (kp=0:; kp<2; kp++) {

QP1=1.e0 + POS[ip];
QM1=1.e0 - POS[ip];
EP1= 1.e0 + POS[jp];
EM1= 1.e0 - POS[ jp];
TP1=1.e0 + POS[kp];
T™1=1

.e0 - POS[kp];

SHAPE[ip] [jp] [kp][0]= 08th * QM1 * EMI % TM1:
SHAPE [ip] [jp] [kp] [11= 08th * QP1 * EMi * TMi:
SHAPE[ip] [ip] [kp][2]= 08th * QP1 % EP1 % TMi:
SHAPE[ip] [ip] [kp][3]= 08th * QM1 * EP1 % TMi:
SHAPE[ip] [ip] [kp][4]= 08th * QM1 * EMi * TPi:
SHAPE[ip] [ip] [kp][5]= 08th * QP1 * EM{ * TP1:
SHAPE[ip] [ip] [kp][6]= 08th * QP1 % EP{ * TPi:
SHAPE[ip] [Jp] [kp][7]= 08th * QM1 * EP1  TPi:

Soomen—=o
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ZE#4T5] : MAT ASS MAIN (2/6)

/%K
INIT.
PNQ - 1st-order derivative of shape function by QSI
PNE - 1st-order derivative of shape function by ETA

PNT - 1st-order derivative of shape function by ZET
sokk /

for (ip=0; ip<2; ip++) {
for (jp=0; jp<2; jp++) {
for (kp=0:; kp<2; kp++) {

i o0 ERI QPLi)=(1+¢&), QMii)=(1-¢)

= 1].e0 + ipl; . g
e EP())=(Leg, ) EM())= (=)
Thi= 1. 60 - PuSTio]; TPik)=(1+7,) T™M1(K)=(1-7,)

SHAPE [ip] [jp] [kp]
SHAPE [ip] [jp] [kp]
SHAPE [ip] [jp] [kp]
SHAPE [ip] [jp] [kp]
SHAPE [ip] [jp] [kp]
SHAPE [ip] [jp] [kp]
SHAPE [ip] [jp] [kp]
SHAPE [ip] [jp] [kp]

1= 08th = QM1 * EM1 * TM1;
1= 08th = QP1 * EM1 * TM1;
1= 08th = QP1 * EP1 * TM1;
1= 08th = QM1 * EP1 * TM1;
1= 08th = QM1 * EM1 * TP1;
1= 08th = QP1 * EM1 * TP1;
1= 08th * QP1 * EP1 * TP1;
1= 08th = QM1 * EP1 * TP1;

SN
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%E475) : MAT ASS MAIN (2/6)

/%K
INIT.
PNQ - 1st-order derivative of shape function by QSI
PNE - 1st-order derivative of shape function by ETA

PNT - 1st-order derivative of shape function by ZET
sokk /

for (ip=0; ip<2; ip++) {
for (jp=0; jp<2; jp++) {
for (kp=0:; kp<2; kp++) {

gi- 10 o
=1.e0 - ipl; _
EP1= 1 60 + POS[jp]. (~1+1+1)
Iz 120 - Pt
=1.e0 + pl;
TMi= 1,60 - POS[kp] (-1-1+1)

SHAPE [ip] [ip] [kp]
SHAPE[ip] [jp] [kp]
SHAPE [ip] [ip] [kp]
SHAPE [ip] [ip] [kp]
SHAPE[ip] [jp] [kp]
SHAPE [ip] [ip] [kp]
SHAPE [ip] [ip] [kp]
SHAPE[ip] [jp] [kp]

1= 08th * QM1 * EM1 * TM1;
1= 08th * QP1 * EM1 * TM1;
1= 08th * QP1 * EP1 * TM1;
1= 08th * QM1 * EP1 * TM1;
1= 08th = QM1 * EM1 * TP1;
1= 08th * QP1 * EM1 * TP1;

1= 08th * QP1 * EP1 * TP1: - L
1= 0th * QNI = EPT % TP1: (¢7.¢)=(-1-1-1) (+1-1-1)

i I-hl e ICDI
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%E475) : MAT ASS MAIN (2/6)

/%K
INIT.
PNQ - 1st-order derivati f sh function by QSI
PNE - Ist-order derivative of shape function by ETA N,(¢,n7.{) = (1 &i-n)a-7)
/PNT - 1st-order derivative of shape function by ZET
kksk
for (ip=0; ip<2; ip++) { N (fl] ()= (l+f)(1 l7)(l Z)

for (jp=0; jp<2; jo++) {
for (kp=0; kp<2; kp++) {

Q= 1.0 + POSinl. N,(&,7,0) == (1+£)(1+/7)(1 7)
EP1= 1.e0 + POS[jp];
EM1= } e0 - POS[jp];

1.

TP1= 1.€0 + POS[kp]: —
Hiiz 1750~ postied N,(.n7,{)= (1 &)a+n)1-7)
SHAPE[ip] [jp] [kp] [0]= 08th * QM1 * EM1 * TM1;
DRI 1
| = ) — — —
SHAPE [ |B: jB :kBZ [3]= 08th * QM1 * EP1 * TM1; N5(<.77,€) ——(1 5)(1 ’7)(1+Z)
SHAPE[ip] Lip] Lkn] [4]= 08th * QM1 * EM1 * TPI;
SHAPE 1] E1od [ib] (81 08¢h = Qp1 » EPT % 171!
1Pl LJP] LKP] LO]= )
SHAPE [ p] [10] Ckn] [71= 08th % QM1 * EP1 % TP1: Ng(&.7,{) = (1"'5)(1 n)i+¢)

N, (&,7,) = (1+ &)a+n)a+<)

Ng(&,17,{) = g(l—f)(1+/7)(1+i)
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1%%31175']

PNQ[ jp] [kp
PNQLip] |
PNQLip] |
PNQLip] |
PNQLip] |
PNQLip] |
PNQLip] |
PNQ[jp] [

PNE[ip] [
PNE[ip] [
PNE[ip] [
PNE[ip] [
PNE[ip] [
PNE[ip] [
PNE[ip] [
PNE[ip] [

PNT[ip] []

PNT[ip] []
PNT[ip] []
PNT[ip] []
PNT[ip] []
PNT[ip] []
PNT[ip] []
PNTLip] [J

J
J
J

for ( icel=0;icel< ICELTOT;icel++) {

CONDO= COND;

in1=ICELNOD [
in2=1CELNOD [
in3=1CELNOD [
in4=1CELNOD [
in5=1CELNOD [
in6=1CELNOD [
in7=1CELNOD [
in8=1CELNOD [

[icel]
[icel]
[icel]
[icel]
[icel]
[icel]
[icel]
[icel]

SNSRTEEONSO NRCIEWN—O F%kﬁkﬁ?%ké%i%%

SogiEeN =S

- 08th * EM1
+ 08th * EMT
+ 08th * EPT
- 08th * EPT
- 08th * EMT
+ 08th * EMT
+ 08th * EPT
- 08th * EP1

- 08th * QM1
- 08th * QPT
+ 08th * QPT
+ 08th * QM1
- 08th * QM1
- 08th * QPT
+ 08th * QPT
+ 08th * QM1

- 08th * QM1
- 08th * QPT
- 08th * QPT
- 08th * QM1
+ 08th * QM1
+ 08th * QP1
+ 08th * QPT
+ 08th * QM1
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MAT_ASS MAIN (3/6)

* TM1;

* TM1;
* TM1;
* TM1;
* TP1;
* TP1;
* TP1;
* TP1;

* TM1;
* TM1;
* TM1;
* TM1;
* TP1;
* TP1;
* TP1;
* TP1;

* EM1;
* EM1;
* EP1;
* EP1;
* EM1;
* EM1;
* EP1;
* EP1;

PNQ(j, k) = 5(5 &.1=,{ =)

PNE(i, k) :0—,7'(5:5,/7:/7,-,Z=Zk)

PNT(, j) :%—'\ZI'(£=5J7=/7,-,Z =4\)

. __1
C((E.,U,,Zk) 8(1 f7,)1 )
.60 =gl Ni-c)
i Zk +%@+0J1 Zk

. 1
a—g(f.,n,,zk) -2l Ja-¢,)

(&:1,4,) 1=811 BRI H D — B 5>
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{3 355117511 MAT ASS MAIN (3/6)

PNQ[jp] [kp] [0]= - 08th * EM1 * TMI;
PN0=Jp==kp==1== + 08th * EM{ * TM1:
PNQ[jp] [kp] [2]= + 08th * EP1 * TM1:
PNQ[Jp] [kp] [3]= - 08th * EP1 * TM1:
PNQ[Jp] [kp] [4]= - 08th * EM1 * TP1:
PNQ[jp] [kp] [5]= + 08th * EM1 * TP1:
PNQ[jp] [kp] [6]= + 08th * EP1 * TP1:
PNQ[jpl [kp] [7]= - 08th * EP1 * TP1;
PNE[ip] [kp] [0]= - 08th * QM1 * TM1;
PNE[ip] [kp] [1]= - 08th * QP1 * TM1:
PNE[ip] [kp] [2]= + 08th * QP1 * TM1:
PNE[ip] [kp] [3]= + 08th * QM1 * TM1:
PNE[ip] [kp] [4]= - 08th * QM1 * TP1:
PNE[ip] [kp] [5]= - 08th * QP1 * TP1:
PNE[ip] [kp] [6]= + 08th * QP1 * TP1:
PNE[ip] [kp] [7]= + 08th * QM1 * TP1;
PNT[ip] [jp] [0]= - 08th * QM1 * EMI;
PNT[ip] [jp][1]= - 08th * QP1 * EM1:
PNT[ip] [jp][2]= - 08th * QP1 * EP1:
PNT[ip] [jp][3]= - 08th * QM1 * EP1:
PNT[ip] [jp][4]= + 08th * QM1 * EM1:
PNT[ip] [jp][5]= + 08th * QP1 * EM1:
PNT[ip] [jp][6]= + 08th * QP1 * EP1: (-1+1,+1)
| PNTLipl[jp][7]= + 08th * QM1 * EPT1;
! (-1-1+1)
for ( icel=0;icel< ICELTOT;icel++) {
CONDO= COND;

in1=ICELNOD[ice|]
in2=ICELNOD[ i ce ]
in3=ICELNOD[ i ce|]
ind=ICELNOD[ i ce ]
inb=ICELNOD[ i ce ]
in6=ICELNOD[ i ce ]
in7=ICELNOD[ i ce|]
in8=ICELNOD[ i ce|]

(6.7.¢)=(-1-1-1) (+1-1-1)

SNSTE N~
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%R2ITH -

nodLOCAL [0
nodLOCAL [1]
nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [

X1=XYZ[in1

X2=XYZ[in2-
X3=XYZ[in3-
X4=XYZ[in4-
X5=XYZ[in5-
X6=XYZ[in6-
X7=XYZ[in]-
X8=XYZ[in8-

Y1=XYZ[in1

Y2=XYZ[in2-
Y3=XYZ[in3-
Y4=XYZ[in4-
Y5=XYZ[in5-
Y6=XYZ[in6-
Y7=XYZ[in]-
Y8=XYZ[in8-

N )

inl;

in2;
in3;
ind;
in5;
inb6;
in/;
in8;

_1=

1]
1]
1]
1]
1]
1]
1]

-1101];
1101];
1101];
1101];
1101];
1101];
1101];
110115

EEEEEEES

T T T T T T —r
RS W G W G G G —y
L L L L L L L

MAT ASS MAIN (4/6)

HAOHAEE (-1:+1+1) (+1:+1+1)
(-1-1+1) (+1-1+1)

(+1+1 Q
(6.7,)=(-1-1-) (+1-1-1)

QVC= 08thx* (X1+X2+X3+X4+X5+X6+XT+X8+Y1+Y2+Y3+Y4+Y5+Y6+YT+Y8) ;

Z1=XYZ[in1

22=XYZ[in2-
£3=XYZ[in3-
Z4=XYZ[in4-
£5=XYZ[in5-
26=XYZ[in6-
L1=XYZ[in]-
£8=XYZ[in8-

-1]1[2];
1]
1]
1]
1]
1]
1]
1]

SISISISISISISIS

JACOBI (DETJ, PNQ, PNE, PNT, PNX, PNY, PNZ,
X2, X3, X4, X5, X6, X7, X8,
Y2, Y3, Y4, Y5, Y6, Y7, Y8, 71, 72, 73, 74, 15, 16, 717, 18);

X1,
Y1,
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%2175 -

nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [

i (T P o

inl;

!n2:
ind;
ind;
ing;
in6;
inl;
ing;

X1=XYZ[in1-11[
X2=XYZ[in2-1]
X3=XYZ[in3-1]
X4=XYZ [ind~1]
X5=XYZ [inb-1]
X6=XYZ [in6-1]
X7=XYZ[in7-1]
X8=XYZ[in8-1]

Y1=XYZ[in1-1]
Y2=XYZ[in2-1]
Y3=XYZ[in3-1]
YA=XYZ[ind~1]
Y5=XYZ [inb-1]
Y6=XYZ[in6-1]
Y7=XYZ[in7-11[11:
Y8=XYZ[in8-11[11:

EEEEEEEE

T
— ek —d ek —h ) —)
T | TR | NN | MR | M | M |

MAT ASS MAIN (4/6)

(-1+1+1) (+1,+1+1)
(-1-1+1) (+1-1-+1)
(+1+1 Q
B DX EEAE
(f,”’g)z(_l—l.—l) ("'l‘l-l)

QVC= 08thx* (X1+X2+X3+X4+X5+X6+XT+X8+Y1+Y2+Y3+Y4+Y5+Y6+Y7+Y8) ;

Z1=XYZ[in1-11[
Z2=XYZ[in2-1]
Z3=XYZ[in3-1]
Z4=XYZ[ind-1]
Z5=XYZ[in5-1]
Z6=XYZ[in6-1]
Z1=XYZ[in7-11]
Z8=XYZ[in8-11[

SIS ISISISISISIS

SEI M D ZEEHE

JACOBI (DETJ, PNQ, PNE, PNT, PNX, PNY, PNZ,
X1, X2, X3, X4, X5, X6, X/, X8,

Y1, Y2, Y3, Y4, Y5, Y6, Y1, Y8, Z1, 72, 73, [4, 15, 16, 7],

4

Z8) ;

REAE{E
,.\\%?h\bng
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%=2ITH -

nodLOCAL [0
nodLOCAL [1]
nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [ in/;
nodLOCAL [ ing;

X1=XYZ[in1-11[
X2=XYZ[in2-1]
X3=XYZ[in3-1]
X4=XYZ [ind~1]
X5=XYZ [inb-1]
X6=XYZ [in6-1]
X7=XYZ[in7-1]
X8=XYZ[in8-1]

Y1=XYZ[in1-1]
Y2=XYZ[in2-1]
Y3=XYZ[in3-1]
YA=XYZ[ind~1]
Y5=XYZ [inb-1]
Y6=XYZ[in6-1]
Y7=XYZ[in7-11[11:
Y8=XYZ[in8-11[11:

inl;

|n2:
in3;
in4;
ind;
inb;

Sooiswn —o

EEEEEEEE

T
— ek —d ek —h ) —)
T | TR | NN | MR | M | M |

MAT

ASS MAIN (4/6)

(-1,+1+1) (+1,+1+1)

(-1-1+1)

(€n7,¢)=(-2-1-1)

PEFZE(E
' ,.\\%Hh\bng

QVC= 08th* (X1+X2+X3+X4+X5+X6+X7+X8+Y1+Y2+Y3+Y4+Y5+Y6+Y7+Y8) ;

Z1=XYZ[in1-1] [21;
Z2=XYZ[in2-1]
Z3=XYZ[in3-1]
Z4=XYZ[ind-1]
Z5=XYZ[ inb-1]
Z6=XYZ[in6-1]
Z1=XYZ[in7-1]
Z8=XYZ[in8-1]

JACOBI (DETJ, PNQ, PNE, PNT, PNX, PNY, PNZ,
X1, X2, X3, X4, X5, X6, X/, X8,
Y1, Y2, Y3, Y4, Y5, Y6, Y/, Y8, /1,

SISISISISISISIS

12, 7o,

a(AaT)Jra AaT a()la—Tj+Q(xy, )
ox\_ ox) oy\ ady) o0z\ o0z

Q(x, y,z) = QVOL|x. + Y|

FEEIL-YRRER>ME (A v aDHID

@fﬁ&%)lmﬁ

T, v,
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%=2ITH -

nodLOCAL [0
nodLOCAL [1]
nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [ in/;
nodLOCAL [ ing;

X1=XYZ[in1-111
X2=XYZ[in2-1]
X3=XYZ[in3~1]
X4=XYZ[ind~1]
X5=XYZ[inb-1]
X6=XYZ[in6~1]
X7=XYZ[inT-1]
X8=XYZ[in8~1]

Y1=XYZ[in1-1]
Y2=XYZ[in2-1]
Y3=XYZ[in3~1]
YA=XYZ[ind~1]
Y5=XYZ [inb-1]
Y6=XYZ[in6-1]
Y7=XYZ[inT-1]
Y8=XYZ[in8~1]

inl;

|n2:
in3;
in4;
ind;
inb;

Sooiswn —o

CEEEEEES

| e | e | s | sy | s | s | e | ey |
RS W G W G G G —y
[N | WY | NN | WU | NN | SN | WO | M |

MAT ASS MAIN (4/6)

(-1,+1+1) (+1,+1+1)
(-1-1+1) (+1-1+1)
(+1+1 Q
(¢m.¢)=(-1-1-1) (+1-1-1)

PEFZE(E
' ,.\\%Hb\bng

QVC= 08th* (X1+X2+X3+X4+X5+X6+X7+X8+Y1+Y2+Y3+Y4+Y5+Y6+Y7+Y8) ;

Z1=XYZ[in1-1] [21;
Z2=XYZ[in2-1]
Z3=XYZ[in3-1]
Z4=XYZ[ind-1]
Z5=XYZ[ in5-1]
Z6=XYZ[in6-1]
Z1=XYZ[in7-1]
Z8=XYZ[in8-1]

SISISISISISISIS

JACOBI (DETJ, PNQ, PNE, PNT, PNX, PNY, PNZ,

X1, X2, X3, X4, X5, X6, X/, X8,

Y1, Y2, Y3, Y4, Y5, Y6, Y/, Y8, /1,

0 oT 0 oT 0( ,0T
A A A—

ax( 0x)+0y£ ay] az( 62)+Q0(% A=t
QX ¥,2)=QVOL|x. + |
(?\/(:::‘)Q:'+ yEJ

22, 73, 74, 15, 16, 71, 18);
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%=2ITH -

nodLOCAL [0
nodLOCAL [1]
nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [

X1=XYZ[in1

X2=XYZ[in2-
X3=XYZ[in3-
X4=XYZ[in4-
X5=XYZ[in5-
X6=XYZ[in6-
X7=XYZ[in]-
X8=XYZ[in8-

Y1=XYZ[in1

Y2=XYZ[in2-
Y3=XYZ[in3-
Y4=XYZ[in4-
Y5=XYZ[in5-
Y6=XYZ[in6-
Y7=XYZ[in]-
Y8=XYZ[in8-

Sooiswn —o

inl;

|n2:
in3;
in4;
ind;
inb;
in7;
in8;

_1=

1]
1]
1]
1]
1]
1]
1]

11011
1
11017
11017
11017
11017
11017
11017

CEEEEEES

T T T T T e
RS W G W G G G —y
L L L L L L

MAT ASS MAIN (4/6)

QVC= 08th* (X1+X2+X3+X4+X5+X6+XT+X8+Y1+Y2+Y3+Y4+Y5+Y6+Y7+Y8) ;

Z1=XYZ[in1

22=XYZ[in2-
£3=XYZ[in3-
Z4=XYZ[in4-
£5=XYZ[in5-
26=XYZ[in6-
Z1=XYZ[in]-
£8=XYZ[in8-

-1]1[2];
1]
1]
1]
1]
1]
1]
1]

SISISISISISISIS

JACOBI (DETJ, PNQ, PNE, PNT, PNX, PNY, PNZ,
X2, X3, X4, X5, X6, X7, X8,
Y2, Y3, Y4, Y5, Y6, Y7, Y8, 71, 72, 73, Z4, 15, 16, 71, 18);

X1,
Y1,
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CONSTRUCT the GLOBAL MATRIX
%k /

for (ie=0;ie<8;ie++) {
ip=nodLOCAL[ie];

for (je=0; je<8; je++) {
jp=nodLOCAL[jel;

kk=-1; .
if( jp 1= ip){
iiS=indexLU[ip-1];
i iE=indexLULip 1;
for ( k=iiS;k<iiE;k++) {
if( itemLU[k] == jp-1){
kk=k ;
break;

(~1+1+1)

(-1-1+1)

AT DIEXN AR
Aip,Jp

kk:itemLUIZEITATRL R

Ip= NodLOCAL[ie]
Jp= NodLOCAL][je]

INGIRFERETRES

Z#475] : MAT ASS MAIN (5/6)



Z2RN M) X 8%x81T5

010_ (W_|/
x T
% To—
K AN K AN N K AN
O|O|O0|0]|O|0|0|0O
O|lO@O|O|0|0|0O
O|lO|O0|0]|O|0|0|0O
O|O|O0|0]|O|0|0|0O
O|lO|O|0]|O|0|0|0O
O|O|O|0]|O|0|0|0O
O|lO|O0|0]|O|0|0|0O
O|lO|O0|0]|O|0|0|0O

(+1-1-1)

(6.7.¢)=(-1-1-1)
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Z#475] : MAT ASS MAIN (5/6)

CONSTRUCT the GLOBAL MATRIX
%k /

for (ie=0;ie<8;ie++) {
ip=nodLOCAL[ie];

for (je=0; je<8; je++) {
jp=nodLOCAL[jel;

k=1,
if( jp !=ip){
iiS=indexLU[ip-11;
iiE=indexLULip 1;
for ( k=iiS;k<iiE;k++) {
if( itemLULk] == jp-1 ){

break;

(~1+1+1)

(-1-1+1)

BRIMIR (I~
24T IR ~j,) DEER

kk:itemLUIZETH 7KL R



T RBATH - MAT_ASS_MAIN (6/6)

QV0= 0. e0;
COEFi j= 0.e0;

for (kpn=0; kpn<2; kpn++) {
for (jpn=0; jpn<2; jpn++) {
for (ipn=0; ipn<2; ipn++) {
coef= fabs (DETJ[ipn] [jpn] [kpn])*WEI [ipn]*WEI [ jpn]*WEI [kpn] ;

PNXi= PNX[ipn] [ipn] [kpn][ie]:
PNYi= PNY[ipn] [jon] [kon] [ie]:
PNZi= PNZ[ipn] [jpn] Ckenl[iel;

PNXj= PNX[ipn] [ipn] [kpn] [je]:
PNY j= PNYLipn] [jpn] [kpn] [je];
PNZj= PNZ[ipn] Ljpn] [kpn] [jel;

COEF i j+= coef*CONDOx (PNXi*PNX j+PNY i #PNY j+PNZi*PNZj) ;

SHi= SHAPE[ipn] [jpn] [kpn] [ie];
QVO+= SHi * QVOL * coef;

J
J
J

if (jp==ip) {
D[ip-1]+= COEFi j;
BLip-1]+= QVO*QVC;

if (p I=ip) {
AMAT [kk]+= GOF™ " _ .

) R, ON; ON; 9N, ON; 9N, ON,
} ”h/] X OX + dy oy + 0z 0z afey ezl
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%E475) : MAT ASS MAIN (6/6)

QV0= 0. e0;
COEFi j= 0.e0;

for (kpn=0; kpn<2; kpn++) {

for (jpn=0; jpn<2; jpn++) {

for (ipn=0; ipn<2; i pn++) {

coef= fabs (DETJ[ipn] [jpn] [kpn])*WEI [ipn]*WEI [ jpn]*WEI [kpn] ;

PNXi= PNX[ipn]
PNYi= PNY[ipn]
PNZi= PNZ[ipn]

PNXj= PNX[ipn]
PNYj= PNY[ipn]
PNZj= PNZ[ipn]
COEFi j+= coef*CONDO (PNXiPNX j+PNY i +PNY j+PNZi*PNZj) ;

SHi= SHAPE[ipn] [jpn] [kpn] [ie];
QVO+= SHi * QVOL * coef;

J
J
J

if (jp==ip) {
D[ip-1]+= COEFi j;

BLip-1]1+= QVO*QVC:

if (jp = ip)

! o
| ANRT LT = 007" g

[ jpn]
[ jpn]
| Jpnl

[ jpn]
[ jpn]
[jpn]

kpn] [
[kpn] [
[kpn] [

kpn] [ je];
[kpn] [ el
[kpn] [jel;

+1 +1 +1

=] | [f(&n.0)dédndg

-1 -1 -1

T ($.77;:6\)

[ JON, ON; 0N, ON; 0N, ON,

I 0X OX

ay oy 0z 0z

H&dnd?
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MAT ASS MAIN (6/6)

for (kpn=0; kpn<2; kpn++) {
for (jpn=0; jpn<2; jpn++) {
for (ipn=0; ipn<2; ipn++) {
coef= fabs (DETJ[ipn] [jpn] [kpn])*WEI [ipn]*WEI [ jpn]*+WEI [kpn];

PNXi= PNX[ipn] [jon] [kpn] [ie]; coef=W, 0, i, @efd(&,7;, 4, )
PNYi= PNY[ipn] [jpn] [kpn] [ie];
PNZi= PNZ[ipn] [jpn] [kpn] [ie]; ]1 ]1 Tf(f N

| = /7 7]
PNXj= PNX[ipn] [jon] [ken] [je]; e e
PNY j= PNY[ipn] [ jon] [ken] [Je]; Mo N
PNZj= PNZ[ipn] [jpn] [kpn][jel; = > W, W, O (£,7,,2,))]

L
i=l j=1 k=L

COEF i j+= coef*CONDO=* (PNXi*PNX j+PNY i*PNY j+PNZi*PNZj) ;
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64

MAT ASS MAIN (6/6)

for (kpn=0; kpn<2; kpn++) {
for (jpn=0; jpn<2; jpn++) {
for (ipn=0; ipn<2; ipn++) {
coef= fabs (DETJ[ipn] [jpn] [kpn])*WEI [ipn]*WEI [ jpn]*+WEI [kpn];

PNXi= PNX[ipn] [jon] [kpn][ie]; coef=W [, O, @e{d(¢ .7,.¢,)
PNYi= PNY[ipn] [jon] [kpn] [ie];
PNZi= PNZ[ipn] [jpn][kpnl[iel;  # =«

=] | [f&n.0)dédnde

PNXj= PNX[ipn] [jpn] [kpn] [je]: 345
PNY j= PNY[ipn] [jon] [kpn] [je]; L™
PNZj= PNZ[ipn] [jpon] [kpn]l[jel; = ZM W, W, OF (&7, Zk)]

i=1 j=1 k=1

ONDO* (PNX i PNX j+PNY i*PNY j+PNZi*PNZ j) ;

COEF i j+=

coef+



475 - MAT ASS MAIN (6/6)

QV0= 0. e0;
COEFi j= 0.e0;

for (kpn=0; kpn<2; kpn++) {
for (jpn=0; jpn<2; jpn++) {
for (ipn=0; ipn<2; ipn++) {
coef= fabs (DETJ[ipn] [jpn] [kpn])*WEI [ipn]*WEI [ jpn]*WEI [kpn] ;

PNXi= PNX[ipn] [jpn] [kpn] [ie];
PNYi= PNY[ipn] [jpn] [kpn] [ie];
PNZi= PNZ[ipn] [jpn] [kpn] [ie];

PNXj= PNX[ipn] [jpn] [kpn] [je]:
PNYj= PNY[ipn] [jpn] [kpn] [je]

PNZj= PNZ[ipn] [jpn] [kpn] [Jjel;

COEFi j+= coef+CONDO* (PNXi#PNX j+PNY i #PNY j+PNZi+PNZj) : |_k|JJ (|,J :1---8)

SHi= SHAPE[ipn] [jpn] [kpn] [iel: J
QVO+= SHi * QVOL * coef; ololololololololle
! olo|olo]olo]olo|e
e lo]o]o]olo]ole]o]e
"B olelelolofofolo]le
, PR ' ololololo|ololo]e
TP 1+ e olo|olo|o|o|o]o]e
} ololololo]olo|o]e
! olo|olololololo]e
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RT3 -

QV0= 0. e0;
COEFi j= 0.e0;

MAT ASS MAIN (6/6)

for (kpn=0; kpn<2; kpn++) {

for(jpn=0'jpn<2'jpn++){
for (ipn=0; ipn<2; ip

++)
coef= fabs(DETJ[lpn][Jpn][kpn])*WEI[lpn]*WEI[Jpn]*WEI[kpn]

PNXi= PNX
PNYi= PNY
PNZi= PNZ

PNX j= PNX

[ipn] [
L1pn]
[ipn]

[ipn]
PNYJj= PNY[ipn]

PNZ j= PNZ[ipn]

:Jpn:
:Jpn:
Ljpn}

[ jpn]
:J.pn:
LJpn]

[kpn]
[kpn]
[kpn]
[kpn]
[kpn]
[kpn]

[ie]
[ie]:
Lle];
[je]:

[Jel:
el

k](e){{ﬂ}(e) _{ }(e)
f1° = [Q[N]"av

COEF i j+= coef*CONDOx (PNXi*PNX j+PNY i #PNY j+PNZi*PNzJ) ;

SHi= SHAPE[ipn] [jpn] [kpn] [ie];
QVO+= SHi * QVOL * coef;

f (jp==ip) {
D%I

if (jp 1=

p—-1]+= COEFi j;
BLip-1]+= QVO*QVC;
ip

j p) {
| AMAT[kk]+— COEFi j;

Q(x, y,z) = QVOL|x. + ¥¢|

QVC =% + Y|
QV0=[QVOL[N['dv

[£]® =Qvomve
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MAT ASS BC : &A%k

do i= 1, NP

(TaUO L) BREBFERTET HERET—Y (IWKX)
enddo
do i= 1, NP

if (IWKX(i, 1).eq.1) then
Xisd BHEAANY KL B) Oy, MAMS D) ORHSDIEE (1T - F)
do k= index(i-1)+1, index(i)
Xt d IEFRERARSD (AMAT) DS DEBE (T)
enddo
endif
enddo

do i= 1, NP
do k= index (i—-1)+1, index (i)
if (IWKX(item (k),1).eq.1) then

T HG1ERNY L, EFERAKS (AVAT) OREHSDIEE (F1)
endif
enddo
enddo

Z i
T=0@Z=2,,,,
NZ
/ Y
NX
NY
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BREHE - MAT _ASS BC (1/2)

#include <stdio. h>
#include <stdlib. h>
#include <string.h>
#include “pfem util.h”
#include “allocate. h”
extern FILE *fp_log;
%oid MAT_ASS BC ()

int i, J,k,in, ib, ib0, icel;
int |n1 |n2 |n3 |n4 ind, |n6 in/, in8;

int :g1léq2 g3, a4, iab, ia6, ia, ia8: BRI IL—T&DZmaxi THA
double STRESS, VAL; ETRINn(AMBIRED)IZHE T
IWKX=(KINT*x) allocate_matrix(sizeof (KINT), NP, 2);
for (i=0; i<NP; i++) for (j=0; j<2; j++) IWKX[i][j1=0; IWKX[in-1][0]= 1

/%%

**/Z—Zmax é:??'%é
for (in=0; in<NP; in++) IWKX[in][0]=0;
1b0=-1;

for ( ib0=0; ibOKNODGRPtot; ib0++) {
i f( strecmp (NODGRP_NAME[ibO]. name, “Zmax”) == 0 ) break;

for ( ib=NODGRP_INDEX[ib0] ; ib<NODGRP_INDEX[ib0+1]; ib++) {
in=NODGRP_ITEM[ib] ;
IWKXLin-1][0]=1;
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BREHE : MAT _ASS BC (2/2)

for (in=0; indNP; in++) {
if( IWKX[in][0] == 1 ){
Blin]= 0.e0;
Dlin]= 1.e0;

for (k=indexLU[in] ;k<indexLU[in+1];k++) {
AMAT [k]= 0. e0;

}
}

for (in=0; in<NP; in++) {
for (k=indexLU[in] ;k<indexLU[in+1];k++) {
if (IWKX[itemLU[k]1[0] == 1) {
AMAT [k]= 0. e0;
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BREHE : MAT _ASS BC (2/2)

f in=0; in<NP; i .
o ) L IWKX[in-11[0]=1& 2 B E & IR L T

B%:Hf? 0. A=, Hi8=0, FFxAMH=0
for(k:indexLU[in];k<indexLU[in+1];k++){
AMAT [k]= 0. e0; ooy

}
}

for (in=0; in<NP; in++) {
for (k=indexLU[in] ;k<indexLU[in+1];k++) {
it (IWKX[itemLU[k]I[0] == 1) {
AMAT [k]= 0. e0;

T TWNNABZELICPUDRRE
E<{EH i

LI T T T T T T T T T ITTT I
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BREHE : MAT _ASS BC (2/2)

for (in=0; indNP; in++) {
if( IWKX[in][0] == 1 ){
Blin]= 0.e0;
Dlin]= 1.e0;
for (k=indexLUTin1;k<indexLUlin+1T;k++) {

IWKX[in-1][0]=1¢ %4 58 R ZFIEFIEXxE
AR ELTELTWSEIRICIRL T,
BIANFBIE, HZIEFIEXNAMD=0
for (in=0; in<NP; in++) {

for (k=indexLU[in];k<indexLU[in+1];k++) {

iT (IWKX[itemLU[K]][0] == 1) {
AMAT [k]l= 0. e0;

J HE,
4= Uy

ZCTCTOoTLVAZELLC

E<{EH i

PUD &
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NWHBRERZEZDONE : 075 L

o HHE
— HIEN 25 SR ETE A+ 3A A+
— FERESEHIAA>ERER (NEIRE, NE : EXRH)
— EEHMERILE (2R RO R, BRI LU R)
—EEFS2ART NIRRT YETS (Index, Item)

e Y)Y RER

— BXRBEAOUE (doicel=1, NE)
e BEX T M)V REE
« 2RI L) O RAANDEREDOE

- RRFHEDONHE
« BI—RAEN
- /\1Q/7EEI£ (CG)
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= ol Bl A
EfEfa— K

testl

input_cntl

Aqo7agS5 A

heat3Dp

HET—2AH

input_grid

73

Ay aT7ALILAS

define_file_name
BrI774IL4

mat_con0

[ﬁﬁlj ORI TAETAHERY

mSORT
J—k

mat_conl

[ﬁﬁlj ORI TAETAHERY

find_node
M RIER

mat_ass_main

BREATHNERL

jacobi
VYIETUEE

mat_ass_bc

EREHNE

solvell
A IA

output_ucd
Al fR AL A2

Cg
CGEEtE
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#include <stdio. h>

#include <stdlib.h>

FILEx fp_log;

#tdefine GLOBAL_VALUE_DEFINE
#include “pfem_util.h”

extern
extern
extern
extern
extern
extern
extern
extern
extern
extern

void
void
void
void
void
void
void
void
void
void

PFEM_INIT (int, charx**) ;

INPUT_CNTL () ;
INPUT_GRID () ;
MAT_CONO () ;
MAT_CON1 () ;
MAT_ASS_MAINQ) ;
MAT_ASS_BC () ;
SOLVE11 () ;
OUTPUT_UCD () ;
PFEM_FINALIZEQ) ;

int main(int argc, charx argv[])
double START_TIME, END_TIME;
PFEM_INIT (argc, argv) ;

INPUT_CNTL () ;
INPUT_GRID () ;

MAT_CONO () ;
MAT_CON1 () ;

MAT_ASS_MAINQ) ;
MAT_ASS_BCO

SOLVE11 0 ;

OUTPUT_UCD () ;
PFEM_FINALIZE()

A0

1H
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SOLVE1]

#include <stdio. h>
#include <string.h>
#include <math.h>
#include “pfem_util.h”
#include “allocate. h”
extern FILE *fp_log;
extern void CG() ;

%oid SOLVE11 ()

int i, j,k, ii,L;

int ERROR, [CFLAG=0;
CHAR_LENGTH BUF;

/**
| PARAMETERs |
**/
ITER = pfemlarray[0]; CGiE DR AR IERE
RESID = pfemRarray[0]; CGED IR | FEE
/%%
| ITERATIVE solver |
**/I |

CG (N, NP, NPLU, D, AMAT, indexLU, itemLU,
B, X, RESID, ITER, &ERROR, my_rank,
NEIBPETOT, NEIBPE, IMPORT INDEX, TMPORT_ITEM,
EXPORT_INDEX, EXPORT_ITEM) ;}

75



pFEM3D-2

HIT AL EE

& KIRBECE

Preconditioned Conjugate Gradient Method (CG)

Compute r®= b-[A]x(?
for i= 1, 2, ..
solve [M]zG D= piE-1
P, ;= rii 1) zG-1)
i
if i=1
pM= z(©
else
Bi—l= Pi_1/P;is
p(l)z Z(l_l) + Bi—l p(l_l)
endif
q¥’= [A]lp®
a; = p;/pHqt®
N 1 .
x (1) = x(E-1) 4 aip(l)
N Ly .
r(l)_ r(l ) alq(l)
check convergence |r]

M
5
Q.

B ALEE - >t

A RT—1)2
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AR r—") 27, RY 3 ERILE

o BIALIEITHIE LT, £ EDITHDOXNHRTDDH 7 ER
Y L1=175 Z2 13175 [M] &9 5,
- SART—1) 24, A3k (point-Jacobi) RIALEE

T

DD 0 .. 0 O
0 D, 0 O
(M]=| ...
0 O D,, O

‘0 0 .. 0 D

* solve [M]zU P= rGDENIIZEITHEITIIZRHE
[ZKROHEHZEMTES,

L1118
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CGix (1/6)

#tinclude <stdio. h>
#tinclude <math. h>
#include “mpi.h”
#include “precision.h”
#include “allocate.h “

extern FILE *fp_log;
extern void SOLVER_SEND_RECV () ;

/%%
CG solves the linear system Ax = b using the Conjugate Gradient
iterative method with the following preconditioners

sokk
void CG (
KINT N, KINT NP, KINT NPLU, KREAL D[],
KREAL AMAT([], KINT indexLU[], KINT itemLU[],
KREAL B[], KREAL X[1, KREAL RESID, KINT ITER, KINT *ERROR, int my_rank
int NEIBPETOT, int NEIBPE[],
int IMPORT_INDEX[], int IMPORT_ITEM[],
{ int EXPORT_INDEX[], int EXPORT_ITEM[])
int i, ], k;
int ieL, isL, ieU, isU;
double WVAL;

double BNRM20, BNRM2, DNRM20, DNRM2 ;

double S1_TIME, E1_TIME;

double ALPHA, BETA;

double C1, C10, RHO, RHOO, RHO1;

int iterPRE;

KREAL *WS, *xWR; BENYI7, RENYT7F
KREAL *xWW;

KINT R=0, Z=1, =1, P=2, DD=3;
KINT MAXIT;
KREAL TOL;

double COMPtime, COMMtime, R1;
double START_TIME, END_TIME;
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CGix (2/6)

ERROR= 0;
WW= (KREAL#*) allocate_matrix (sizeof (KREAL), 4, NP) ; Compute r(®= b-[A]x(®
WS=(KREAL* ) allocate_vector (sizeof (KREAL), NP); .
WR=(KREAL* ) allocate vector (sizeof (KREAL), NP); for i= 1, 2, ..
MAXIT = ITER; solve [M]zG D= p@i-1
TOL = RESID; P, .= r(i-1) 5 (i-1)
i
for (i=0;i<NP;i++) X [i]=0.0; . v
for (i=0; i<NP; i++) for (j=0; j<4; j++) WW[jI[i1=0.0; s al=1
for (i=0; i<NP;i++) WS[i]=0.0; £3(1)== 7 (0)
for (i=0; i<NP; i++) WR[i]=0.0;
else
/%
| 1r0l= b} — (Al ixini] | Bi{ﬁ: P/ P (1-1)
) ' p= z + B, p
endif
SOLVER_SEND_RECV (1) _ (1)
('NP. NEIBPETOT, NEIBPE, IMPORT_INDEX, IMPORT_ITEM, g't’= [A]p
EXPORT_INDEX, EXPORT ITEM, WS, WR, X , my_rank); a, = p,_,/pWg
1 1—
for (j=0; j<N; j++) (1) — (i-1) (1)
wwaD]ff']_: 1.0/DLJ1; x'H= x4+ apt
WVAL= B[j] - DLjI*X[jl; ri= p@E-1) - g g
fogz( ﬁé{'ﬁﬁﬁfkﬁl;[ilik<indeXLU[J+1]ik++)[ check convergence |r|
WVAL+= -AMAT[k]*X[i]l; end

| \}NW[R] [j1= WVAL;

BNRM20= 0. e0;

for (i=0; i<N; i++) {
BNRM20+= B[i]*B[i];}

MPI_AlIreduce (&BNRM20, &BNRM2, 1, MPI_DOUBLE, MPI_SUM, MPI_COMM_WORLD) ;
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SOLVER SEND RECV (1/2)

#include <stdio.h>

#include <math.h>

#include “mpi.h”

#include “precision. h”

#include “allocate. h”

static MPI_Status *stal, *sta2;

static MPI_Request *reql, *req?2;

static KINT NFLAG=0;

extern FILE *fp_log;

void SOLVER_SEND_REGCV ( int N, int NEIBPETOT,
int NEIBPE[], int IMPORT_INDEX[], int IMPORT_ITEM[],
int EXPORT_INDEX[], int EXPORT_ITEM[],
KREAL WS[], KREAL WR[], KREAL X[1, int my_rank)

int ii,k, neib, istart, inum;
/*kk
INIT.
*okk /
if( NFLAG == 0 ) {
stal=(MPI_Status*)al locate_vector (sizeof (MPI_Status), NEIBPETOT) ;
sta2=(MP]_Status*)al locate_vector (sizeof (MPI_Status), NEIBPETOT) ;
regl=(MPI_Request*)al locate_vector (sizeof (MPI_Request), NEIBPETOT) ;
reg2=(MPI_Request*)al locate_vector (sizeof (MPI_Request), NEIBPETOT) ;
NFLAG=1;}
/K%
SEND
sokk /

for ( neib=1;neib<=NEIBPETOT;neib++) {
istart=EXPORT_INDEX[neib-1];
inum =EXPORT_INDEX[neib]—-istart;
for ( k=istart;k<istart+inum;k++) {
i i= EXPORT_ITEM[k];
} WS[kl= X[ii-1];

MPI_Isend (@WS[istart], inum,
NEIBPE[neib-11, 0,

PI_DOUBLE,
P1_COMM_WORLD, &req1[neib-1]);
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SOLVER SEND RECV (2/2)

/K%

RECEIVE
sokk/

for ( neib=1;neib<=NEIBPETOT;neib++) {
istart=IMPORT_INDEX[neib-1];
inum =IMPORT_INDEX[neib]—-istart;
MPI_Irecv (&WR[istart], inum, MPI_DOUBLE,
| NEIBPE[neib—1], 0, MPI_COMM_WORLD, &reg2[neib-11) ;

MPI_Waitall (NEIBPETOT, req2, sta?);

for ( neib=1;neib<=NEIBPETOT;neib++) {
istart=IMPORT_INDEX[neib-1]:;
inum =IMPORT_INDEX[neib]—-istart;
for ( k=istart;k<istart+inum;k++) {
ii = IMPORT _ITEM[k];
XLii-1]= WRLk];

}
MPI_Waitall (NEIBPETOT, reql, stal);
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CGi%

for ( ITER=1; ITER<= MAXIT; ITER++) {
/%
i {z}= Minv] {r} |
**/I I

for (i=0; i<N; i++) {
} WW[Z][il= WW[DD] [iJ+WW[RI[i];

/%%
| (RHO}= {r} {z} |
**/I I
RHOO= 0. e0;
for (i=0; i<N; i++) {
RHOO+= WW[R] [i T+WW[Z] [i];

MPI_Allreduce (&RHOO, &RHO, 1, MPI_DOUBLE, MPI_SUM,

MP1_COMM_WORLD) ;

/%

{z} if ITER=1
RHO / RHO1 otherwise

(o}
. BETA:

sk /
if( ITER =1 ){
for (i=0;i<N;i++) {
WWLPI[il=WW[Z][i];

lelse{
BETA= RHO / RHO1;
for (i=0; i<N; i++) {
\ WWIPI[il=Ww[Z][i] + BETA*WW[PI[i];

82

(3/6)

Compute r®= b-[A]x(9
for i= 1, 2,
solve [M]z(i D= p@i-1)
P, ;= r@1 z@E-1
if i=1
pM= z(0
else

Bi—_l= pi—_l/pi—z _
p= zG 1 4 B phD

q’= [Alp®

a; = Py /pHgt

xW= xE1 4+ o pd

ri= rE- — g,qd

check convergence |r|
end
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83

CGix (4/6)

Compute r®= b-[A]x(9
for i= 1, 2,

/%

| (o= G |

sk /

SOLVER_SEND_REGV

( NP, NEIBPETOT, NEIBPE, IMPORT_INDEX, IMPORT_ITEM,
EXPORT_INDEX, EXPORT_ITEM, WS, WR, WW[PI, my_rank);

for ( j=0; j<N; j++) {
WVAL DfJ] * WIPIL[j];
for (k=indexLU[]j]; k<|ndexLU[J+1] k++) {
i=itemLU[k] ;
WVAL+= AMAT[k] * WWIP1[il;

}
WWLQI [jI1=WVAL;

/%%

| ALPHA= RHO / o} {a} |

sk /
C10= 0. e0;
for (i=0; i<N; i++) {
| C10+=WW[P] [i]+WW[QI[i];

MPI_AlIreduce (&G10,&G1, 1, MPI_DOUBLE, MPI_SUM,

MP1_COMM_WORLD) ;
ALPHA= RHO / C1;

end

solve [M]zGD= pG-D)
i
if i=1

else

Bi—lz pi—l/pi—z

p(l)z Z(i_l) _|_ Bi—l p(i_l)

endif

q¥’= [A]lp®

a; = Py /PHqt

xW= xE1 4+ o pd
ri= rE-D — g,qd
check convergence |r|



pFEM3D-2

/*k
B2 ) Al compute = ®= be[A]x(©
* | :

for i= 1, 2, ..
ok

CGix (5/6)

for (i=0; i<N; i++) {
X [i] _+= ALPHA *WW[PI[i];
| WWLR] [i]+= -ALPHA +WW[Q] [i];

DNRM20= 0. eO0;
for (i=0; i<N; i++) {
DNRM20+=WW[R] [i]*WW[R] [i];

}
MPI_AlIreduce (&DNRM20, &DNRM2, 1, MPI_DOUBLE, MPI_SUM,
MP1_COMM_WORLD) ;

RESID= sqrt (DNRM2/BNRM2) ;

if (RESID <=TOL ) break;
if ( ITER == MAXIT ) *ERROR= -300;

RHO1 = RHO ;

SOLVER_SEND_RECV
( NP, NEIBPETOT, NEIBPE, IMPORT_INDEX, IMPORT_ITEM,
EXPORT_INDEX, EXPORT_ITEM, WS, WR, X, my_rank) ;

free ( (KREAL*x)WW) ;
deal locate_vector ( (KREAL*x)WR) ;
deal locate _vector ( (KREALx*x)WS) ;

end

solve [M]zGH= pt-1
p,_,= rib gD
if i=1

pL= z(0)

else

Bii= Pioi/Piss

pW= zGEDL 4+ B, . pdD
endif
qP'= [A]lp®
a, = p, ,/pHg
x(W= x@E-1 4 q.p
ri)= -1 — q.q@®
check convergence |r|
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/%

| x]= [x] + ALPHA¥ [o] i
! ir}= {r} - ALPHAx{q} !

*k /
for (i=0; i<N;i++) {
X [i] += ALPHA «WW[P][i];
} WW[R] [i]+= —ALPHA *WW[Q][i];

DNRM20= 0. e0;
for (i=0; i<N; i++) {
DNRM20+=WW[R] [i J+WW[R]I[i];

MPI_Allreduce (&DNRM20, &DNRM2,

1,

MPI_COMM_WORLD) ;

RESID= sqrt (DNRM2/BNRM2) ;
if ( RESID <= TOL ) break;

CGix (6/6)

MPI_DOUBLE, MPI_SUM,

if ( ITER == MAXIT ) *ERROR= -300;

RHO1 = RHO ;

SOLVER_SEND_REGV

( NP, NEIBPETOT, NEIBPE, IMPORT_INDEX, IMPORT_ITEM,

NRICERHOIE CRE) ZAnd

EXPORT_INDEX, EXPORT_ITEM, WS, WR, X, my_rank);

free ( (KREAL*x)WW) ;
deal locate_vector ( (KREAL*x)WR) ;
deal locate _vector ( (KREALx*x)WS) ;
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OUTPUT UCD

o ZBFEBMGINELEM listiCATE T AEERDIFHRETENHD

— iNtELEM_list: FERDETIHEEBESDI>bHLENNEFTD
SEEICATE T 5L RiET

« MPI_AllgathervZzE>TLUTDIEHZ—EFTIZEDH D
— B BN PEAE, BE
- BR . EBERARITAETA(BREZER T HEHR)

c BEDIFEMIEI—EPESE

o EIREFRENKRETGHEREH
— HFEYENPOYATIEGL
— W F AT R4k
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Example:

87

Strong Scaling: Fortran

e 128X 128X 128 nodes, 2,097,152 DOF

e 32~896 cores, Flat MPI

e Linear Solver

900
| ¢ 1x16 € 1x16 proc’s for each Socket
e I igggmg:g o 1x16x2 (=32) for each Node
700 F| @ 1x28-pMETIS N O 1x20x2 (=40), pMETIS
| A 1x20-kMETIS @ 1x24x2 (=48), pMETIS
600 F| —-a- ] _-é ,
s | 4 oswens | % ® 1x28x2 (=56), pMETIS
3 00 A 1x20x2 (=40), KMETIS
S 00 | a2 . A 1x24x2 (=48), KMETIS
Z oo | * A 1x28x2 (=56), KMETIS
200 | : ,
oriey Performance of € without
100 NUMA at 32-cores= 32.0
PR o
34 S DU U S S S T

0 100 200 300

400 500 600 700 800 900
Core #
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Example: Strong Scaling: Fortran

e Best Case at 16 nodes (with/without NUMA Ctrl)
— Difference is not so large

e 48-cores/node@ A are the best
* No significant difference between kMeTis & pMeTis

900

| ¢ 1x16 € 1x16 proc’s for each Socket
e I igggmg:g o 1x16x2 (=32) for each Node
700 | @ 1x28-pMETIS A O 1x20x2 (=40), pMETIS
| A 1x20-kMETIS @ 1x24x2 (=48), pMETIS
600 [| —a-1x24- ¢ :
s | 4 oswens | % 7 @ 1x28x2 (=56), pMETIS
= ] A 1x20x2 (=40), KMETIS
00! Q} e A 1x24x2 (=48), KMETIS
o o A 1x28x2 (=56), KMETIS
200 ¢ e Performance of 4 without
00 f W NUMA at 32-cores= 32.0
PRA o
N2 el R

0 100 200 300 400 500 600 700 800 900
Core #
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Example: Strong Scaling: Fortran
e 1x16: Parallel Mesh Generator

128 128 128 128 128 128 128 128 128 128 128 128
4 4 2 4 4 4 8 4 4 8 8 4
pcube pcube pcube pcube
node= 1 node= 2 node= 4 node= 8
procs= 32 procs= 64 procs=128 procs=256
900
[ & 1x16 N p20 p24 p28
800 | O 1x20-pMETIS ® k20 k24 k28
! ® 1x24-pMETIS o .7
700 | @ 1x28-pMETIS A 40 48 56
: A 1x20-kMETIS ey
600 | —-a-1x24-kMETIS o | I
S g0 LA 1X28KMETIS 160 192 224
—O b //// //////
3 : 2 320 384 448
o 400 | AP
w : * /)!
300 F s
200 | L8
: ) SAT Pog
100 f ,;:i/‘
O :Q/I L1 1 L1 L1 1 L1 1 I I T T N T 1
0O 100 200 300 400 500 600 700 800 900
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irred (1/2)
o« BHHOTCRIEEREZITLY, solJDEEEDITLTHE
« 3l
— Strong Scaling
« MY A XZEE, PESZZLSE THRE(£F, &8 ZFAIE,
— Weak Scaling
« PEH-YDMIEHY A XZEE, IREH-YDETEREREZERDB,
- BRI NTIHH
- BEYAX
. B9 E|Fi% (RCB, K-METIS, P-METIS, 1D~3D) ME£,

— Ay kK, PR EICE 1T OFXI0D EREEL
o 128X LLAER (B EIC157 L EhND)
o [*inpIDHAICEHERNINDIGEENH S,
— OUTPUT_UCDDMEURHL DA T IE
— src, part




O D~3D%9Z|
EOHENBIVNWEZTREK
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1D~3D7E]
BIEE DT (F104N, 8TELE

\l

ET D)

1D# 2D#! 3D#!
16 N2 x 7 = 112 N 16 N2 X 4 = 64 N2 16 N2 x 3 = 48 N2
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1D#!

64 64 64

8 1
pcube

1

1D~3DN |

mesh.inp

2D#!

64 64 64
4 2 1
pcube

3D#!

64 64 64
2 2 2
pcube
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sRrl (2/2)

o TEIZE@{E (solver SR) DIEREREMNTELLVMES
MEZTHE,

— Recv. BufferN@aE—Z N ZERIIZE R TEELVA?

for (neib=0; neib<NeibPETot; neib++) {
tag= 0;
iS_i= import_index[neib];
iE_i= import_index[neib+1];
BUFlength_i= iE_i - iS_i

ierr= MPI TIrecv

(&RecvBuf[iS_i], BUFlength_i, MPI_DOUBLE, NeibPE[neib], O,
MPI_COMM_WORLD, &ReqgRecv[neib])
}

MPI_Waitall (NeibPETot, ReqRecv, StatRecv);

for (neib=0; neib<NeibPETot; neib++) {
for (k=import_index[neib] ;k<import_index[neib+1];k++) {
kk= import_item[k];
VAL[kk]= RecvBuf[k];
}



pFEM3D-1

SEND/RECYV (Original)

stal=(MPI_Status*)al locate vector (sizeof (MPI_Status), NEIBPETOT) ;
sta2=(MPI_Status*)al locate vector (sizeof (MPI_Status), NEIBPETOT) ;
reqi=(MPI_Request*)al locate_vector (sizeof (MPI Request) NElBPETOT)
req2=(MPI_Request*)al locate vector (sizeof (MPI _Request), NEIBPETOT) ;

for ( neib=1;neib<=NEIBPETOT;neib++) {
istart=EXPORT INDEX[neib-1];
inum =EXPORT INDEX[neib]-istart;
for ( k=istart;k<istart+inum;k++) {
i i= EXPORT_ITEM[K];
WS[kl= X[ii-11:}

MPI_Isend (&WS[istart], inum, MPI_DOUBLE,
NEIBPE[neib-1], 0, MPI_COMM_WORLD, &req1[neib-11) ;}

for ( neib=1;neib<=NEIBPETOT;neib++) {
istart=IMPORT_INDEX[neib-1];
inum =IMPORT_INDEX[neib]-istart;
MPI Irecv (@WR[istart], inum, MPI_DOUBLE,
"NEIBPE[neib-1], 0, MPI_COMM_WORLD, &req2[ne|b 1)1

MPI Waitall (NEIBPETOT, req2, sta2);

for ( neib=1;neib<=NEIBPETOT;neib++) {
istart=IMPORT _INDEX[neib-1];
inum =IMPORT _INDEX[neib]-istart;
for ( k=istart; k<|start+|num k++){
ii = IMPORT _ITEM[K];
X[ii-11= WR[K];]

MPI Waitall (NEIBPETOT, reql, stal);
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If numbering of external nodes is
continuous Iin each neighboring
process ...
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SEND/RECV (NEW:1)

stal=(MPI_Statusx*)al locate vector (sizeof (MPI_Status), 2xNEIBPETOT) ;
reql=(MPI_Request*)al locate_vector (sizeof (MPI_Request), 2«*NEIBPETOT) ;

for ( neib=1;neib<=NEIBPETOT;neib++) {
istart=EXPORT INDEX[neib-1];
inum =EXPORT INDEX[neib]-istart;
for ( k=istart;k<istart+inum;k++) {
i i= EXPORT _ITEM[K];
WS[kl= X[ii-1];}

MPI_Isend (&WS[istart], inum, MPI_DOUBLE,
NEIBPE[neib-1], 0, MPI_COMM_WORLD, &req1[neib-11) ;}

for ( neib=1;neib<=NEIBPETOT;neib++) {
istart=IMPORT INDEX[neib-1];
inum =IMPOERT INDEX[neib] - istart;
MPI Irecv (& [istart], inum, MPI_DOUBLE,
NEIBPE[neib-1], 0, MPI_COMM_WORLD, &reqg1 [NEIBPETOT+neib-11) ;}

MPI Waitall (2xNEIBPETOT, reql, stal);
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SEND/RECV (NEW:2), NO: int. node #

stal=(MPI_Statusx*)al locate vector (sizeof (MPI_Status), 2xNEIBPETOT) ;
reql=(MPI_Request*)al locate_vector (sizeof (MPI_Request), 2«*NEIBPETOT) ;

for ( neib=1;neib<=NEIBPETOT;neib++) { I\ S
i start=EXPORT_INDEX [neib-1]; NO: W =1 e
inum =EXPORT_INDEX[neib]-istart; RFEH
for ( k=istart; Tk<istart+inum; k++){
i i= EXPORT _ITEM[K];
WS[k]= X[ii-1]1:}

MPI_Isend (&WS[istart], inum, MPI_DOUBLE,
NEIBPE[neib-1], 0, MPI_COMM_WORLD, &req1[neib-11) ;}

for ( neib=1;neib<=NEIBPETOT;neib++) {
istart=IMPORT_INDEX[neib-1] + NO;
inum =IMPORT_INDEX[neib] - IMPORT_INDEX[neib-1];
MPI Irecv (& [istart], inum, MPI_DOUBLE,
"NEIBPE[neib~1], 0, MPI_COMM _WORLD, &req1[NElBPETOT+ne|b 1)1

MPI Waitall (2xNEIBPETOT, reql, stal);
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